Abstract: Ascertainment of lifetime occupational exposures in an epidemiological study of chronic obstructive pulmonary disease (COPD) is important in order to investigate its effect on the disease and develop prevention strategies. The aim of our paper is to describe and evaluate a methodology used to assign lifetime occupational exposure to participants in a case-control study of COPD where lifetime occupational history was ascertained through telephone questionnaire interviews.
INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is the fourth leading cause of death among persons older than 45 years of age in the United States [1] . Although cigarette smoking is the most important risk factor worldwide for COPD, occupational exposures to mineral and organic dusts, irritant gases and fumes, and to other industrially produced or used agents have been established as risk factors for COPD [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Industryand population-based epidemiological studies have reported increased risk of COPD due to occupational exposures or due to employment in certain industries or job categories. Occupational groups reported to have increased risk of COPD include coal miners, hard rock miners, tunnel workers, concretemanufacturing workers, construction workers, agricultural workers, and some manufacturing workers [2, 3, [6] [7] [8] [9] . COPD etiology is multi-factorial in nature and is strongly associated with non-occupational factors such as tobacco smoking. In *Address correspondence to this author at the National Institute for Occupational Safety and Health, 1095 Willowdale Road, Morgantown, WV 26554, USA; Tel: +1-304-285-6357; E-mail:bdoney@cdc.gov addition, the combined effect of workplace respiratory hazards and tobacco smoking results in a higher risk of developing obstructive airways disease than would be expected from the additive effect of the individual exposures [13] . Because of the complex etiology, establishing workrelated risk factors for COPD requires an epidemiological investigation involving reliable measures of occupational exposure and smoking. When evaluating the risk of COPD associated with occupational exposure in population-based studies, evaluation of occupational exposure is often done through the use of a Job Exposure Matrix (JEM) [7, 15, 16] . The JEM is utilized to assign qualitative indices to specific job categories to indicate the potential for workers' exposure to vapors, dust, gases, and fumes (VDGF). In this study, however, we obtained individuals' lifetime occupational histories together with a relatively detailed interview using a questionnaire on exposures to specific agents for each job, therefore we did not use the standard JEM methodology. This paper describes and evaluates the methodology used to assign occupational exposure using relatively detailed lifetime occupational history in a United States populationbased case-control study of work-related COPD [11] . The lifetime occupational history was ascertained through telephone questionnaire interviews and this information together with expert assessment based on literature review was used to assign an index of exposure for a job category for each of several potential occupational hazard categories. The novel aspect of the study was that we evaluated the workers' potential for exposure to the following eight occupational hazards for COPD: mineral dusts, metal dusts/fumes, organic dusts, irritant gases/vapors, sensitizers, organic solvents, diesel exhaust, and environmental tobacco smoke (ETS).
METHODS
The exposure assessment was done blindly for a set of 388 cases with COPD and 356 age-, sex-, and smokingfrequency matched controls selected from the membership of a health maintenance organization (Kaiser Permanente Northwest -KPNW). The participants were mainly employed by the industries in Northwest Oregon and Southwest Washington that have insurance with KPNW or were retired. The cases were 45 years and older; among cases the mean age was 67 and 44% were male whereas the mean age of controls was 66 and 41% were male. The study protocol and recruitment procedures for this study were approved by the participating institutions' human subjects committees. Details of the case-control study design are provided elsewhere [11] .
Occupational Data Collection
Occupational history data were obtained through telephone interviews, by interviewers blinded to the casecontrol status. Using standard questionnaires the interviews collected information on demographics, past medical history, smoking history and detailed work history. The questions ascertained work descriptions for each job held for six months or longer, including when the job began and ended, actual number of years worked, and use of respiratory protection. Participants were also asked for each job if they were routinely exposed to dust, fumes, smoke, diesel exhaust, gases, or vapors while they were working on that job. Routinely exposed meant once per week or more. Participants were subsequently asked if their job routinely involved the use of chemicals, meaning things like solvents, cleaning agents, adhesives, paints and other coatings, pesticides, compressed gases, and cutting oils, as well as other chemicals. For a positive response, workers were then asked to describe more specifically what kind of exposures it was (e.g., silica dust under the dust category).
The questionnaires were used to collect information on a maximum of eight (longest held) jobs, which was sufficient for most participants, where more jobs were involved, similar jobs were combined. Similar jobs, i.e. jobs in the same industry and occupational categories, were combined together, following our protocol, in jobs where exposure to the agents of concern was unlikely, e.g., office workers. For the purposes of this study, "work" was defined as regular employment over six months in which the person received a paycheck and worked at least 4 hours/week; work was not a hobby, volunteer work, or occasional performance of a task. Participants were asked to characterize exposure to ETS and hobbies they were involved in away from the workplace. Participants were also asked how many years of their life had they lived with someone, other than themselves, who smoked inside the home. All responses were computerized and the duration of the interviews was approximately 30 minutes.
The professional research interviewers were specially trained on this project to conduct the interviews, and were continually evaluated and observed during the interviews to reduce recall and interviewer bias regarding the occupational histories. The initial training included review of the questionnaire, script, and procedures. The interviewers listened to taped interviews from a pilot study, and subsequently their interviews were taped and reviewed by senior staff and the industrial hygienist. Quality control by the industrial hygienist was conducted on the first few calls of each interviewer and was ongoing as needed. A feedback form was shared with the caller and their supervisor.
Assessment of Occupational Exposure for Each Job Held
The coding of occupational exposures for the eight types occupational hazards for COPD was done following a coding protocol developed at the onset of the survey. In preliminary research, the project industrial hygienists conducted a literature review to compile an occupational exposure reference list of industries and jobs in the United States based on the North American Industrial Classification System (NAICS) listing of industries, the 2000 Bureau of Census (BOC) list of jobs, and OSHA regulated exposure hazards [17, 18] . In the exposure assessment, emphasis was placed on an occupation reference list (a working document) created by one of the industrial hygienist that utilized mainly the Encyclopedia [18] as referenced. The occupational exposure reference list included potential exposures such as: irritants and sensitizers, dust (metal, mineral and/or organic), organic solvents, diesel exhaust, and environmental tobacco smoke. The list was used by all the industrial hygienists as a framework for decisions on how to assign exposure scores to the eight potential occupational hazards. All the industrial hygienists were experienced at assessing occupational exposures and there was a continual quality control of the exposure scoring throughout the study using statistical evaluation.
Exposure scoring was done independently by two industrial hygienists (one from NIOSH and a Certified Industrial Hygienist from Kaiser Permanente Center for Health Research (KPCHR)) who were blinded to individual's disease-or smoking-status or other questionnaire responses (e.g., smoking, symptoms). For each job held, one industrial hygienist assigned a job and industry category based on 2000 Bureau of Census industry and occupation. This information was collected in order to describe the employment pattern of the study group so that this could be matched with the reference list.
A score for each of the eight potential occupational hazards was then assigned to each person for each job held based on the occupational exposure reference list and responses to the questionnaires regarding occupational exposure. All the eight exposure scores, with the exception of ETS, were assigned on a 3-point scale of 0, 1, or 2 based on the likelihood of certain degree of exposure, where 0= no or minimal exposure, 1= moderate exposure, and 2= high exposure. ETS was scored as 0 or 1 where 0=no or minimal exposure and 1= moderate or high exposure. Score values were determined by industrial hygienists based on respondent answers to the questions that characterized each specific job with respect to exposure occurrences to various potentially hazardous agents and the type and toxicity of the agents.
Assessment of Overall Exposure Scores
The overall scores assigned to each person took into account the likelihood, intensity, and reported duration of exposure to the 8 potential occupational respiratory hazards for all the jobs held. The industrial hygienists relied upon professional knowledge and judgment as well as questionnaire responses on exposure characterization to assign an overall 3-point scale score of 0, 1, or 2 where 0= no or minimal exposure, 1= moderate exposure, and 2= high exposure to each person. See Appendix for an example of exposure scoring and the questionnaire.
Environmental Tobacco Smoke (ETS)
If the participant worked in an establishment where ETS exposure was potentially greater (waiter/waitress or bartender) than in other types of jobs where ETS exposure was potentially less, the overall job score was rated higher (score of 1 assigned regardless of exposure to other occupational hazards). Smoking status was not part of the ETS analysis. Industrial hygienists were blinded to the individual's smoking status and smoking status was handled separately.
Quality Control of Exposure Assessment and Amendments to Study Protocol
For reliability purposes, throughout the scoring process, exposures of about 10% of the case-control study subjects were independently scored by a Certified Industrial Hygienist (from NIOSH). For some exposure categories where scoring differences occurred, the protocol was amended to provide more guidelines on coding of some of the exposure categories to improve consistency of scoring. Fig. (1) shows the agreement between NIOSH and KPNW coders on scores for the eight specific exposure categories for a person in a job. At the extremes, the measure of agreement, the Kappa coefficient, at or below 0.20 indicates slight agreement and above 0.81 indicates almost perfect agreement [19] .
Combining Exposure Scores in the Case-Control Data Analysis
For the case-control data analysis [11] , we used two algorithms to resolve differences between all exposure scoring by the KPNW and NIOSH industrial hygienists. The "conservative" algorithm used the lower of the two hygienists' exposure ratings unless one hygienist coded 0 and the other coded 2, in which case a score of 1 was used. The "liberal" algorithm used the greater of the two ratings, even in cases where one coded 0 and the other coded 2. For analyses, these combined exposure measures were further collapsed into "ever-exposure" (a combined measure of 1 or 2) versus "no exposure" (score of 0). Scores based on the "conservative" algorithm with the collapsed ever (1 or 2) versus never (0) exposure categories constituted the primary exposure variables for the case-control analysis, while scores based on the "liberal" algorithm and those that used the trilevel (0/1/2) ratings were used for sensitivity analyses. Table 1 shows a list of exposures that were considered as potential respiratory hazard classifications for COPD and examples of each; diesel fumes and ETS are not included in the table. Table 2 characterizes the occupational exposure profile of the case-control study participants in terms of the type of occupational exposure category and the frequency with which the category was assigned in the case-control study [11] , as described in Table 1 (and diesel fumes and ETS). The first three columns show the 27 main occupational categories coded across all study subjects and their frequencies. The top ten most frequent occupational categories were office workers, sales, production of machinery, management, food and drink workers, computer programming, transportation, teachers, health care workers, and transportation and maintenance. The next column shows for each occupational category, the relative frequency of assigned ETS exposure. The next four columns show the two most frequently assigned occupational exposure agent categories and the percentage of jobs assigned with the exposure category. Table 2 shows that the occupational categories with the highest percentage of jobs assigned to have exposure to irritant gases/vapors were welders, building maintenance, vehicle and equipment cleaning, production-machine operators, production-assembly, healthcare and productiontechnical workers. The lowest exposure frequencies for irritant gases/vapors were in the office workers and sales categories.
RESULTS
Diesel exposure was assigned mainly in transportation, material moving workers, mining, and logging. In the studied subjects, organic dust was most commonly assigned in wood production, logging, agriculture, and textile production. Organic solvents were commonly assigned in service station attendants, transportation maintenance, maintenance and repair. Sensitizers were frequently coded for personal care and services (includes beauticians) and food production. Table 3 includes the top ten most frequent industries among cases and controls.
The agreements in this study ranged from moderate to high agreement. The highest agreement was for environmental tobacco smoke at 0.88 (high agreement). Of the other occupational hazards, the highest agreement was for metal dusts at 0.66 (substantial agreement), and the lowest level of agreement was for the sensitizers category at 0.42 (moderate agreement). The Kappa coefficient for irritant gases/vapors was 0.49 and for diesel was 0.58 (both moderate agreement) [19] . In this study, the lowest agreement was a moderate agreement. Fig (1) . Agreement between NIOSH and KPCHR coders for specified exposure categories Kappa coefficient and level of agreement for exposure scores between 2 coders. 
DISCUSSION
The epidemiological evidence from population-based studies suggests that approximately 15% of the cases of COPD in society may be attributable to workplace exposures to dusts, noxious gases/vapors, and fumes [4] [5] [6] [7] . Although, there is biological plausibility that persistent inhalation exposures over many years to high enough concentrations of dusts, fumes and irritant gases could cause lung damage eventually predisposing to COPD, appraisal of the contribution of occupational exposure to the COPD burden is complex. Because COPD has a complex multi-factorial etiology, with a strong effect of non-occupational risk factors such as tobacco smoking, population-based epidemiological studies based on well-assessed occupational exposure and tobacco smoking are needed to estimate the contribution of occupational exposures in the general population.
In population-based studies, the assessment of occupational exposure is usually made using questionnaire data on the longest held occupation often followed by applying a JEM to assign the potential occupational exposure, and/or response to questions on exposure to dust, fumes, and irritant gases [6] . In contrast, the current method of evaluation of lifetime occupational exposure based on life-time occupational history, response to questions on exposure to dust, fumes, and irritant gases, and independent assessment of potential exposure to eight occupational hazards by two industrial hygienists, described in this paper, has a potential for better occupational exposure ascertainment than a method based on longest held job and/or usage of JEM used often in previously published population-based studies of COPD [6] .
However, to assess the method further, we evaluated the potential for misclassification of exposure. For this reason, the measure of agreement between two industrial hygienists was calculated to evaluate the consistency of coding of occupational exposures by the two scorers. Generally, the agreement between the two scorers on the individual exposure hazards based on the Kappa statistic was very good, especially on ETS, metal dust, organic dust, and diesel exhaust. Sensitizers had the least agreement (moderate). These results provide assurance of consistency of the assessment and potential usefulness of the method.
The potential usefulness of the method is also indicated by the results of the case-control study for which the exposure assessment was done. The results of the casecontrol study show a statistically significant association between COPD and exposure to irritant gases/vapors and diesel exhaust, and borderline significance for metal dust and mineral dust, after tobacco smoking and other potential confounding factors were adjusted for [11] . Occupational exposure to irritant gases/vapors can irritate the respiratory tract and have been shown in other studies to be associated with increased risk of COPD [7, 10] . Other studies have shown increased prevalence of COPD in welders [20] and also identified welding fumes [16] and solvent [21] exposures as risk factors for COPD.
Likewise, the association between COPD and diesel exhaust was also found in a case-control study of railroad workers by Hart et al. [22] , where it was shown that work in jobs with exposure to diesel exhaust was associated with increased mortality from COPD. Other studies also reported an association between diesel exposure and increased risk of COPD mortality [23] .
There are several limitations in our study. The exposure assessment relied on the industrial hygienist's expert opinion based on his/her knowledge of the industry and occupation, and partially on the information provided on the questionnaire by the study participants. Because of the time-span over which the exposures occurred, the questionnaire information was of great value. However, because no industrial hygiene sampling results or other documentation of exposures was available for exposure scoring, misclassification of exposures was likely to occur. Also, questionnaire responses on jobs and exposure could be affected by recall bias where cases could have more likely reported exposures than controls [24] , especially since the occupational histories spanned many years. The study participants were drawn from the membership KPNW, a group model health maintenance organization. Most KPNW members receive coverage through their work. Industries with potentially high exposure to respiratory inhalants (e.g., agriculture, logging, mining, mineral products, and wood products) were less frequently represented. Other limitations may include: 1) the exposure assessment model used in this paper was not validated because it was based on questionnaire data and not actual exposure measurements, and 2) the experts that assigned exposures included only 2 industrial hygienists (although a third industrial hygienist reviewed 10% of NIOSH classifications). A disadvantage of this method is that it is time resource intensive in that each job over the workers lifetime is individually evaluated for eight exposure categories. However the interview length was reasonable, especially considering the amount of exposure information that was obtained. The chief advantage of this method is the detail about lifetime exposures, especially important given the longer time period for the development of COPD.
CONCLUSION
Generally there are inherent limitations in the method of occupational exposure ascertainment used in populationbased studies of COPD. However, lifetime occupational history and the high agreement between the exposure scores assigned by the two industrial hygienists, who independently scored each job reported by study participants, provide assurance of consistency of the assessment and its usefulness. In spite of its limitations, this methodology could prove useful for other studies. The strength of this study is that we obtained lifetime exposure history and evaluated organic dust, mineral dust, and metal dust in addition to irritant gasses/vapors and diesel potential exposure based on that history.
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